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DATA  SYSTEMS 
DIVISION  2 


INTRODl'C'TION 

This  section  of  the  report  reviews  progress  during  the  period 
1 November  1978  through  31  January  1979  on  Data  Systems. 
Separate  reports  describing  other  work  of  Division  2 are  issued 
for  the  following  programs: 


Seismic  Discrimination 

Distributed  Sensor  Networks 

Education  Technology 

Network  Speech  Systems  Technology 

Digital  Voice  Processing 

JTIDS  Speech  Processing 

Packet  Speech  Systems  Technology 

Radar  Signal  Processing 
Technology 

Nuclear  Safety  Designs 


AR  PA/NMHO 

ARPA/IPTO 

Bureau  of  Mines 

OSD-DCA 

AF/ESD 

af/ksd 

ARPA/IPTO 

army/bmdatc 

NRC 


A.  J.  McLaughlin 
Head,  Division  2 

M.  A.  I lerlin 
Associate  Head 

A.  V.  Oppenheim 
Associate  Head 
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I.  IN  IKOUl  l riON 

\ parallel  serial  converter  to  complement  the  t -C.il/  serial  parallel  converter  is  being 
built.  Signals  were  obtained  l'rom  a t Ik  MNOS  niemon  chip,  and  good  progress  was  made  in 
-olvmg  processing  problems.  Design  of  an  improved  « IK  chip  which  will  also  be  used  to  dem- 
onstrate techniques  for  larger  capacits  chips  was  completed. 

II.  IIU.II-SPKKD  UICIITAL  CIRCUITS 

\.  Parallel/ Serial  Converter 

\ parallel  serial  converter  has  been  designed  as  a modifii  ation  to  the  previously  reported 
t-i.ll/  serial/ parallel  circuit.  Diffusion  and  via  masks  will  be  the  same.  New  metal  masks 
have  been  designed  and  are  being  made.  Wafers  already  partialis  fabricated  will  be  used  for 
til.-  first  devices. 

B.  I’olv  -Ox  Process  Development 

Introduction  of  a polysilicon  layer  to  acei  pt  the  heavy  buried-collector  arsenic  implant  has 
led  to  visually  superior  surfaces  after  processing  and  lower  yield  loss  due  to  emitter-collector 
leakage.  The  use  of  a back-side  gettering  implant  and  a controlled-rate  wafer  puller  during 
high-temperature  processing  has  resulted  in  lower  collector-substrati'  junction  leakage. 

PoKsilicon  emitter  processing  has  been  incorporated  into  the  poly -ox  process  in  the  fabri- 
cation of  test  transistors  and  serial-to-parallel  converter  circuits.  Transistor  beta  is  high 
< »0  to  t ! CM  and  remains  high  at  low  collector  current  (0.1  p \).  indicating  low  recombination  at 
the  emitter-base  junction.  Dynamic  testing  will  be  performed. 

The  first  two  runs  of  a new  test  chip  have  been  processed  through  first  metal.  Test  tran- 
sistors with  emitter  mask  dimensions  of  t • ts  pm  and  1 x i pm  have  excellent  yield.  Measure- 
ments on  poll  silicon  -diode  test  structures  on  these  chips  indicate  space-charge  depletion  widths 
of  100  to  S00  A in  poly  and  a built-in  voltage  yf  0.-1  V.  From  forward  l-V  characteristics,  re- 
combination has  been  determined  to  lie  the  primary  forward-current  mechanism  below  0.5  V, 
and  the  minority  carrier  lifetime  is  about  < 0 psec. 

III.  MNOS  M TIMOR  A 

A.  i IK -Chip  Fabrication 

High  digit-line  impedance  due  to  poor  first-to-second-level  contacts  was  fixed,  in  an  experi- 
ment, bv  "burning  in"  the  contacts  on  several  ' -JK  chips  with  bypassed  decoder  transistors.  Suc- 
cessful storage  and  readout  was  obtained  on  these  chips,  with  no  signal  attenuation  observed 
along  the  digit  line.  Decoded  1 x 1 array  s which  do  not  need  the  metal  digit  line  were  also  op- 
erated successfully.  It  was  not  possible  to  burn  in  contacts  on  the  decoded  ( IK  array.  The 
first-to-second-level  contact  difficulty  is  being  attacked  as  part  of  the  between -layer  insulation 
problem. 

It  was  previously  reported  that  incomplete  coverage  of  the  plasma-etched  first-level  metal 
by  t VI)  oxide  resulted  in  first-to-second-level  metal  shorts.  At  atmospheric  pressure,  the 
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mass  transfer  rate  of  the  reactant  species  to  the  wafer  surface  is  equal  to  the  reaction  rate  at 
the  surface.  As  a result,  significant  thickness  differences  occur  due  to  variations  in  gas  veloc- 
ity across  the  metal  pattern.  At  reduced  pressures,  however,  the  reaction  is  surface-rate 
controlled  so  that  conformal  coating  is  more  likely.  Successful  coverage  of  the  first-level-metal 
pattern  was  obtained  by  plasma-enhanced  deposition  of  silicon  nitride  at  low  pressure.  Test 
results  on  several  wafers  indicated  that  greater  than  SO  percent  of  the  chips  had  no  insulator 
shorts. 

The  use  of  a high-temperature  polyimide  plastic  as  a between-metal  insulator  has  also  been 
investigated,  with  promising  results.  The  polyimide  provides  good  corner/edge  coverage,  can 
have  vias  etched  in  it,  and  will  withstand  metal  sinter  temperatures  ( 400  °C). 

15.  MNOS  Memory  Development 

Masks  have  been  ordered  for  the  second  generation  of  the  64K  memory.  The  use  of  p-tvpe 
word-resistor  pulldowns  and  CMOS  digit  decoding  is  expected  to  give  much  better  performance. 
The  design  incorporates  several  experiments  to  test  ideas  for  higher-density  chips. 

O 

Silicon  nitride  has  been  thermally  grown  in  an  ammonia  atmosphere  to  a thickness  of  SO  A. 
Memory  capacitors  are  being  fabricated  with  thin  thermal  nitride  as  a replacement  for  the  oxide 
layer  in  the  usual  MNOS  storage  structure.  Some  anticipated  improvements  with  thi_,  structure 
are  an  elimination  of  the  negative  shift  of  the  memory  window  which  is  often  seen  after  many 
write  erase  cycles  and,  perhaps,  improved  storage  characteristics. 

A new  sense  amplifier  with  10-.M1I/  bandwidth  and  noise  current  of  2.1  x 10  ' ^ A/\llz  at 
1 MHz  has  been  used  to  sense  signals  from  a 1 xl.i  gm  storage  capacitor  in  a 10  x 30  array. 

It  should  be  usable  for  storage  sites  as  small  as  1 g m“. 

C.  Laser  Selective  Depopulation  Studies 

In  order  to  understand  the  mechanism  of  charge  storage  and  the  fatigue  phenomena  in  a 
MNOS  device,  a knowledge  of  the  site  symmetry  and  the  energy  levels  of  the  charge  trapping 
state  in  the  insulating  film  is  essential.  Combinations  of  optical  and  electrical  measurement 
techniques  provide  such  information.  Optical  absorption  and  reflection  of  n-Si  and  silicon -on- 
sapphire  wafers  coated  with  SiO^  and  Si^N^  have  been  measured  at  room  temperature  from 
ultraviolet  to  infrared.  Besides  the  characteristic  bands  of  the  substrate,  broad  bands  asso- 
ciated with  the  Si-O  and  Si-N  bonds  have  been  observed.  In  order  to  obtain  more  information 
regarding  site  symmetry  in  the  material,  measurements  at  low  temperature  are  planned. 

MNOS  capacitors  with  indium-tin-oxide  upper  electrodes  have  been  characterized  with  w rite  "1" 
in  the  presence  of  lle-Ne  laser  light.  Further  studies  with  write  "0"  and  fatiguing  of  MNOS 
capacitors  with  and  without  a tunable  laser  light  are  planned  next. 

IV.  TESTING  AND  ANALYSIS 

A.  Testing 

The  TIC  system  capacitance-voltage  tests  have  been  revised  to  provide  better  data.  Both 
standard  and  pulsed  C-V  tests  may  be  performed.  MOS  parameters  and  impurity -concentration 
information  are  derived  from  the  plots  by  the  computer  program.  The  hardware  has  been  re- 
designed to  provide  more  accurate  voltage  output,  which  should  upgrade  the  test  performance. 

The  TIC  system  is  now  being  used  to  process  data  from  the  digital  storage  oscilloscope  to 
obtain  distributions  of  the  "1"  and  "0"  signals  from  MNOS  memory  chips. 
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Mask  Analysis 


B. 

A mask  artwork  analysis  program  is  bring  designed  ami  implemented  on  tin*  IBM  V70  roin- 
puter.  I'he  goal  is  to  provide  the  user  with  a flexible  set  of  mask  manipulation  primitives  whieh 
will  permit  design  rule  c heeking  and  design  verification.  I'liese  primitives  eonsist  primarily  oj 
topological.  Boolean,  and  mput-output  operations.  Mask  data  are  sorted  so  that  the  operations 
can  be  performed  efficiently  on  large  and  complex  masks.  \ limited  version  of  the  program  wa 
employed  to  calculate  perimeter  and  area  of  intersection  of  first-  and  second-level  metal  of  one 
ot  the  gate  arras  chips.  1.1a. 08. JA.  I'he  total  job  t'l'l  time,  including  sorts  and  data  transfer 
was  S min. 
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IN  l'HOIH  l TION 

rtus  sci  t ion  of  tin'  report  summarizes  progress  during  the 
period  I November  1978  through  It  Januarv  1 '>7l>.  Phe  Solid 
State  lieseareh  Ueport  for  the  same  period  desi  ribes  the  work 
of  Division  (S  in  more  detail,  bunding  is  primarily  provided  In 
the  Air  I on  e.  with  additional  support  provided  bs  the  Armv, 
All  l’A.  NSb,  and  1X1C. 
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Journal  Articles 


J A No. 


4816 

Pressure  and  Intensity  Depen- 
dence of  .Multiphoton  Energy 
Deposition  and  Reaction  Yield 
in  Vinyl  Chloride 

F.  M.  Lussier" 

J.  I.  Steinfeld  * 

T.  F.  Deutsch 

them.  Phys.  Lett.  58,  277 
(1978) 

4 bZ(j 

Thermal  Conductivity  and 

Specific  Heat  of  N’dP.O,  , 

1 8 14 

S.  R.  Chinn 

W.K.  Zwicker  ' 

J.  Appl.  Phvs.  49,  5892 
(1978) 

4 818 

Real-Time  Spectral  Analysis 
of  Far -Infrared  Laser  Pulses 
Using  a SAW  Dispersive 

Delay  Line 

li.  R.  Fetterman 

P.  E.  Tannenwald 

C.  D.  Parker 

J.  Melngailis 

R.  C.  Williamson 

P.  W oskoboinikow  ' 

H.  C.  Praddaude  ' 

W.  J.  Mulligan'' 

Appl.  Phvs.  Lett.  34,  123 
(1979) 

4 841 

A -Doubling  in  the  v - 2 — 0 
Overtone  Band  in  the  Infrared 
Spectrum  of  NO 

A.S.  Pine 

J.  W.  C.  Johns  * 

A.  G.  Robiette  * 

J.  Mol.  Spectrosc.  74,  52 
(1979) 

4 847 

Molecular -Beam  Tunable - 
Diode-Laser  Sub-Doppler 
Spectroscopy  of  A -Doubling 
in  Nitric  Oxide 

A.S.  Pine 

K.W.  Xi  11  " 

J.  Mol.  Spectrosc.  74,  4 3 
(1979) 

4 852 

Transverse  Modes  in  Gap- 
Coupled  Surface -Wave 

Devices 

S.  A.  Reible 

Appl.  Phvs.  Lett.  34,  103 
(1979) 

4859 

An  Acoustic  SAW/CCD  Buffer 
Memory  Device 

D.  L.  Smvthe 

K.W.  Ralston 

B.  E.  Burke 

E.  Stern 

Appl.  Phvs.  Lett.  33,  1025 
(1978) 

4862 

Efficient  Thallium  Photo - 
dissociation  Laser 

D.  J.  Ehrlich 

J.  Maya* 

R.  M.  Osgood,  Jr. 

Appl.  Phvs.  Lett.  33,  931 
(1978) 

4875 

Vibrational  Kinetics  of  SF(, 
Dissolved  in  Simple  Cryo- 
genic Liquids 

S.  R.  J.  Brueck 

T.  F.  Deutsch 

R.  M.  Osgood,  Jr. 

Chem.  Phvs.  Lett.  60,  242 
(1979) 

' Author  not  at  Lincoln  Laboratory. 
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1 ’hotoelec trol \ s is  of  Water 


Kffect  of  ID  on  Residual  [tnpur-  A.  R.  Calawa 
ities  in  CiaAs  MI3F  l. avers 


On  the  Possible  .Magnetic  Field 
Dependence  of  the  Nickel  Oar- 
bom  lation  Rate 


R.S.  Mehta* 

M.  S.  Dresselbaiis  ' 
O.  Dresselhaus  ' 

II.  J.  Zeiger 


Beryllium -Ion  Implantation  ,1.1’.  Donnells 
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Kfficicnt  Frequency  Tripling  N.  Menvuk 
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Optically  Pumped  l.PK-Clrown 

llg,  Od  To  Lasers 
1 -x  x 


Crystal  Structure  of 

K5NdLi2F10 


T.  C.  Harman 


II.  V-P.  Hong 
li.  C.  Met  ollum 


Appl.  Ph vs.  Lett.  j_3,  9.18 
(1978) 


Mater.  Res.  Bull.  1J,  1379 
(1978) 


Appl.  Pbvs.  Lett.  33,  1020 
(1978) 


Surf.  Sci.  78,  t. HI  (1978) 


Appl.  Pbvs.  Lett.  34.  90 
(1979) 


Opt.  Lett.  4,  99  (1979) 


J.  Kleetron.  Mater.  8,  191 
(1979) 


Mater.  Res.  Hull.  14.  1 37 
(1979) 


Meeting  Speeches 


Solar  Knergy  Application  of  I).  1.  Tehernev 

Natural  Zeolites 


I ligb-Kfficiency  CiaAs  Shallow-  J.  C.  C.  Fan 
I lomo, junction  Solar  Cells  C.  O.  Bozler 


Selective-Black  Absorbers  J.  C.  C.  Fan 

I sing  Sputtered  Cermet  Films 


In  Natural  Zeolites:  Occur- 
rence, Pro | lerties,  I se , 
edited  by  L.  B.  Sand  and 
Mumpton  (Pergamon  Press, 
Oxford  and  New  York,  1978), 
pp.  479-489 


In  Thirteenth  1FKF  Photo- 
voltaic Specialists  Confer- 
ence 1978  (IKFK,  New 
York,  1 97 8),  pp.  993-999 


Thin  Solid  Films  94.  1 39 
(1978) 


Performance  Requirements  for  15.  Stern 
Analog  Signal  Processors  in 
Radar  and  Communications 
Systems 


l’roe.  S PI  15  Yol.  194; 

Real,-  Time  Si  glial  Process  - 
ing,  T.  F.  Tao,  I5d.  (Society 
of  Photo-Optical  Instrumen- 
tation Fngineers,  San  Diego, 
1978),  pp.  174-180 
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I.  SOLID  STATE  DEVIC  E RESEARCH 

The  sensitivity  of  shot-noise-limited  semiconductor  photodiodes  has  been  calculated  for  the 
case  where  the  high-frequency  response  is  limited  by  the  diffusion  of  photoexcited  carriers  to 
the  junction.  In  this  situation  there  is  a marked  decrease  in  high-frequency  sensitivity,  and  the 
noise  spectrum  is  not  a true  measure  of  the  frequency  response. 

An  optical  isolator  has  been  designed  which  utilizes  the  interband  Faraday  effect  in  C.aAs, 
thus  allowing  incorporation  of  the  device  into  integrated  GaAs  structures.  Based  upon  new  mea- 
surements of  the  Faraday  coefficient,  the  design  is  shown  to  be  feasible;  but,  even  with  an  op- 
timum configuration,  lengths  of  the  order  of  a centimeter  or  fields  of  many  tens  of  kilogauss 
would  be  required  for  satisfactory  performance. 

Double-heterostructure  GalnAsP/InP  inverted  mesa  photodiodes  have  been  fabricated  which 
have  an  extremely  fast  response  to  optical  pulses  at  1.05  pm  from  a \dQ  ^LaQ  ^P^O^  mode- 
locked  laser.  The  calculated  response  risetime  of  approximately  45  psec  is  in  reasonable  agree- 
ment with  the  measured  value  of  ~50  psec.  Since  all  the  light  is  absorbed  in  the  depletion  region, 
a high  value  of  quantum  efficiency  ( — 70  percent)  is  observed  which  is  limited  primarily  by  re- 
flection loss  at  the  InP-air  interface. 

InP  planar-guarded  avalanche  photodiodes  have  been  fabricated  from  structures  formed  by 
Si-  and  Be-ion  implantation  into  n-type  epitaxial  layers,  which  were  grown  by  LPE  on  (100)- 
oriented  n+-InP  substrates.  The  avalanche  photodiodes  exhibited  breakdown  voltages  of  approx- 
imately 18  V,  and  the  avalanche  gains  were  typically  in  the  (>  to  8 range. 

Deep  Zn  diffusion  from  a ZnP2  source  has  been  found  to  provide  a simple  technique  for 
fabricating  high-quality,  stripe -geometry  GalnAsP/InP  double-heterostructure  diode  lasers. 
Linear  CVV  outputs  up  to  8 mW  per  facet  have  been  observed  for  sufficiently  narrow  stripe  widths, 
and  initial  life  tests  have  not  revealed  any  significant  difference  in  reliability  between  diffused- 
stripe  and  conventional  proton-defined-stripe  lasers. 

II.  QLANTL.M  ELECTRONICS 

Two  distinct  gas-recirculating  systems  have  been  designed  and  built  for  use  with  the  mini- 
TEA  laser.  Pulse  repetition  frequencies  in  excess  of  500  Hz,  good  mode  quality,  and  average 
power  outputs  above  10  W were  achieved.  Frequency  doubling  at  high  repetition  rates  of  the  out- 
put of  one  of  these  units  in  CdGeAs^  has  yielded  an  average-power  conversion  efficiency  of  over 
28  percent. 

A general  theoretical  analysis  of  a two-photon  resonant  third-harmonic  generation  system 
has  been  carried  out  for  plane-wave  geometry.  The  third-harmonic  conversion  efficiency 
saturates  at  17  percent  for  a single  pass  under  resonance  conditions.  This  plane-wave  result 
is  believed  to  represent  an  upper  bound  on  efficiency  for  any  focusing  condition,  including  the 
tight  focusing  geometry  used  to  obtain  the  experimentally  observed  4 -percent  conversion. 

An  FM  mode-locked  Nd^  _La0  ^P-O^  laser  excited  by  a C'W  dye  laser  has  been  constructed. 
By  using  an  intensity  correlation  technique,  pulses  as  short  as  14  psec  have  been  measured, 
with  a 480-Mllz  repetition  rate. 
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Stimulated  emission  at  325  tint  has  been  observed  from  the  5d  -*  -If  transition  in  Ce:Yl.T  by 
using  a Krl  exeinier  gas  laser  for  optii  al  excitation.  The  Co  M. I-  laser,  which  is  the  shortest  - 
wavelength  optically  pumped  solid  state  laser  obtained  to  date,  is  potentially  a powerful  source 
of  tunable  near -l  V radiation. 

\ series  of  new  lasers,  involving  transitions  in  \a.  K.  Hb.  and  ( s have  been  realized. 
Pulsed  output  powers  of  t to  10  kU  have  been  obtained  on  the  alkali-metal  resonance  lines.  De- 
tails ol  the  photodissoe iative  excitation  process  have  been  studied  in  order  to  optimize  these 
lasers. 

The  laser-initiated  photodeposition  of  metal  films  is  being  investigated  as  a potential  tech- 
nique for  microelectronics  fabrication.  \n  \rl  exc inter  laser  has  been  used  to  deposit  cad- 
mium films  with  microscopic  features  by  photodissociating  an  organometallic  carrier  gas. 

The  tunable  submillimeter  spectrometer  previously  developed  has  been  applied  to  a 
submillimeter-infrared  double-resonance-  study  of  excited  molecular  states.  The  centrifugal 
distortion  splittings  of  exc  ited-state  rotational  transitions  in  Cll^l  were  measured.  Genera- 
tion and  detection  of  tunable  submillimeter  radiation  is  accomplished  using  optically  pumped 
lasers  and  Schottky -diode  mixers. 

III.  MATERIALS  RESKARC  II 

The  usefulness  of  laser  heating  for  removing  ion-implantation  damage  in  InP  has  been  dem- 
onstrated by  annealing  Se-doped  samples  with  a t U \d:  Y AG  laser,  l or  the  best  samples,  the 
values  ot  carrier  concentration  and  mobility  achieved  by  laser  annealing  are  comparable  to 
those  typic  ally  observed  for  similarly  implanted  samples  that  have  been  thermally  annealed. 

The  feasibility  of  using  ion  implantation  followed  by  laser  annealing  in  the  fabrication  of 
(.a As  solar  cells  has  been  demonstrated  by  using  this  technique  to  prepare  cells  utilizing  a 
shallow -homo junction  n p/p  structure  w ithout  a GaAlAs  window  C onversion  efficiencies  up 
to  12  percent  at  AMI  have  been  obtained  for  these  ion -implanted,  laser-annealed  (1ILA)  cells, 
in  which  the  n layer  was  formed  by  implanting  Se  + ions  into  the  p-layer  and  then  annealing, 
without  enc  apsulation,  by  scanning  with  a C \\  Nd:YAG  laser. 

Conversion  efficiencies  up  to  20  percent  at  AMI  have  been  obtained  for  single -crystal  GaAs 
shallow -homojunction  solar  c ells  prepared  by  chemical  vapor  deposition  on  single -crystal  Ge 

substrates.  1'hese  devices,  which  are  fabricated  without  Ga,  Al  As  layers,  employ  a thin 
+ . + r ’ -x  x 

n pp  GaAs  structure.  The  spectral  response  and  efficiency  show  steady  improvement  as 

the  n layer  is  thinned  to  200  A by  means  of  an  anodization-stripping  technique. 

The  very  large  pressure  dependence  of  the  bandgap  of  Te,  which  makes  this  material  an 

attractive  candidate  for  optically  pumped  tunable  lasers  in  the  mid-infrared,  has  been  precisely 

measured  to  N kbar  in  a study  of  the-  laser  emission  of  an  optically  pumped  sample  at  liquid- 

nitrogen  temperatures.  The  bandgap  at  H K is  given  be  the  quadratic  expression  12  (P) 

2 K 

K^(0)  -t  \P  + HP  , where  P is  the  pressure  in  kilobars,  E t(0)  = 53  1.5  t 0.5  meY.  \ 20.0  ± 

0.5  meV/kbar,  and  B - 0.5?  ± 0.02  me  V/ kbar  “A 

IV . MICROELEC  TRONICS 

A SAW/C,'CD  accumulating  correlator  has  been  demonstrated  which  is  capable  of  correlating 
two  long-duration  analog  signals.  The  CCD  samples,  multiplies,  accumulates,  and  roads  out 
the  cross -correlation  function  of  two  SAW  input  signals  which  counterpropagate  on  a delay  line 
in  close  proximity  to  the  CCD.  A signal-processing  gain  of  30  dB  at  a bandwidth  of  20  MHz  has 


b...-n  observed  by  correlation  biphase -modulated  pseudonoise  waveforms  of  100-msec  duration 
in  the  presence  of  (>aussian  noise*. 


I opl.mar  waveguide  (t'l'MI  has  been  compared  theoretically  with  microstrip  with  the  inten 
ot  determining  which  is  better  for  mcor|«. ration  in  t.uAs  monolithic  integrated  circuits,  fon- 
ductor  and  dielectric  losses  are  lower  in  mierostrip  than  in  ll*\\  when  the  substrate  height  is 
equal  to  the  ground-plane  sparing  in  t int.  However,  when  radiation  loss  is  included  and  the 
ground  spacing  is  allowed  to  in.  reuse  in  the  (.  l*W  . the  guides  are  comparable. 


\.  si  m u i:-u  wi:  ti-x  hnoi. or. ■> 


\ high-speed  (10-Mil/)  analog  system  for  computing  I ouricr  transforms  by 
transform  technique  lias  l.een  developed.  Che  critical  dements  are  rcflcctive-s 
(H  U ) dispersive  delay  lines  with  large  time-handwidth  products.  VS  lien  digital 
added,  the  system  functions  as  a last  hybrid  computer. 


tlu»  ehirp- 
:irra\  -compressor 
interfaces  are 


l-our-wavc  parametric  interactions  arc  being  explored 
relators.  Such  interactions  involve  the  differential  drlav. 
reference  S.VVVs  propagating  in  the  presence  ot  a stationary 


in  acoustoelectri.  integrating  cor- 
mixing,  and  integration  of  signal  and 
pump  applied  to  the  silicon-diode 


array.  Che  scheme  significantly  reduces  spurious  signals 
signal  and  reference  111  carriers  to  be  lifted.  In  addition, 
triple-product  correlation  may  lie  implemented. 


l>\  permitting  the  degeneraev  between 
a unique  signal -processing  function 
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